Cancer incidence varies markedly by ethnicity and geographic location. Ethnic variation in cancer occurrence has traditionally been ascribed to differences in social, cultural, economic, and physical environments. However, this interpretation of the epidemiologic evidence may need to be revised as a result of new biological evidence and theories of carcinogenesis. Carcinogenesis is now recognized to be a multistep process during which mutations or heritable changes in expression occur in genes involved in cellular growth control and genome stability. Inherited cancer susceptibility may be a stronger determinant of ethnic differences in cancer incidence than is currently appreciated. To examine the potential role of inherited susceptibility, the theoretical contribution of inherited susceptibility to ethnic differences in rates is considered using a simple probability model. Germline mutations in tumor suppressor genes BRCA1 and p53 are used to illustrate the magnitude of the ethnic differences for breast cancer that might arise from differences in inherited susceptibility. Our simple model suggests that ethnic differences in cancer occurrence can result from differences in genetic susceptibility. However, the magnitude of ethnic relative risk is likely to more strongly reflect differences in the distribution of susceptibility genotypes between groups than the magnitude of the disease risk associated with the genotypes. For many scenarios, the ethnic relative risk arising from differences in susceptibility may be bounded by the ratio of the proportion of susceptible individuals in each group.
Introduction
It has long been recognized that cancer rates show enormous variation by ethnicity and geographic location (1) (2) (3) (4) . For example, rates for melanoma in whites living in Queensland, Australia, are 155-fold higher than rates for Japanese residents of northern Japan (Table 1 Polendak (5) and MacMahon and Pugh (6) . The (2) .
that increase the probability of mutations in key genes in conjunction with specific (16, 19, 24) . Studies have also indicated that some mutations are specific for a given ethnic group, such as the 185 de/AG mutation found in the Ashkenazis (25) . Differences in genotype distribution may result from differences in consanguinity, mutation rate, natural selection, and random effects such as founder effects and isolation (4) .
To consider the potential contribution of genetic susceptibility to ethnic variation in cancer incidence, we used simple probability models to estimate the magnitude of cancer risk differences that might stem from ethnic differences in genetic susceptibility arising from one of the two pathways to increased risk The proportion of the population with susceptibility genotypes depends upon whether the susceptible allele, S, is dominant or recessive. If it is dominant, as with tumor suppressor genes, both SS and NS genotypes will be susceptible and the proportion of susceptibles in the population will be given by q(2-q), where q is the susceptible allele frequency. For the case where the susceptibility allele is recessive, only the SS genotype will be susceptible and the proportion of susceptibles in the population will be given by q2. For a susceptibility allele frequency of 10%, a dominant susceptibility allele will result in 19% being susceptible. Under a recessive model, only 1% of the population is susceptible. In the following models, the susceptible proportion will be used as the parameter for population genetic susceptibility.
In a comparison of rates in two ethnic groups, where RRe= ethnic relative risk, Ra= the disease risk in ethnic group A, and Rb= the disease risk in ethnic group B RRe = R.
Rb is an accepted measure of ethnic variation in cancer risk. In the simple case in which cancer risk is determined by inheritance of a mutation in a single tumor suppressor gene and ethnic differences in risk arise from differences in the allele distribution of this gene, the ethnic relative risk can be expressed as a ratio of disease risk between the two ethnic groups:
where Pa and Pb are the proportions of susceptibles in groups A and B, respectively, and Rg is the risk ratio for those with the susceptible genotype compared with those with the nonsusceptible genotype. Assumptions for this model are that baseline risks are equal in the two ethnic groups, and Rg is constant and independent of exposure or mutation spectrum. Figures 1 and 2 illustrate the general form of the relationship among RRe, Rg, and the distribution of the proportion of susceptibles. For specific examples, we chose to examine the ethnic relative risk that could arise from differences in the proportion with cancer susceptibility arising from tumor suppressor genes with dif- Relative risk for susceptibility genotypes Figure 1 . Relative risk comparing any two ethnic groups' assymtotic behavior for a fixed ratio of susceptibility genotype proportion. (16, 17, 25) . Differences in BRCAI frequency could explain ethnic relative risks for breast cancer in the 1.5 to 2 range for young women.
For a population with lower susceptibility proportions, such as that observed for germline p53 mutations, the ethnic relative risk is small for plausible relative risks for susceptible genotypes. These values are in the range observed for several tumor suppressor genes, indicating that these genes are unlikely to explain even small ethnic differences.
In summary, ethnic differences in cancer occurrence may be a marker of differences in genetic susceptibility. For breast cancer, observed differences in the frequency of BRCA1 mutations could account for ethnic differences in rates for young women. However, the magnitude of ethnic relative risk is likely to more strongly reflect differences in the distribution of susceptibility genotypes between groups than the magnitude of the disease risk associated with the genotypes. For many scenarios, the ethnic relative risk arising from differences in susceptibility may be bounded by the ratio of the proportion of susceptible individuals in each group.
